The clinical value of lumbar puncture (LP) in settings with a high human immunodeficiency virus (HIV) prevalence has not been well defined. Methods: We performed a retrospective chart review in 394 adults undergoing LP at a single regional level public-sector hospital in KwaZulu-Natal, South Africa. Results: The median age of all the participants was 32.8 years (interquartile range 26.7; 41.2). Two hundred and fifty-five participants (64.7%) had an abnormal cerebrospinal fluid (CSF) analysis; 202 (79.5%) of whom were HIV seropositive. Sixty-four (25.1%) were diagnosed with tuberculosis meningitis and 62 (24.3%) tested positive for cryptococcal antigen. Thirty-three specimens grew Cryptococcus neoformans (32 tested antigen positive) and Streptococcus pneumonia was isolated in three specimens (0.8%). An abnormal CSF result was associated with increased risk of inpatient death (OR 3.8 [95% CI 1.7; 9.6]; p-value = 0.0004) Conclusions: CSF abnormalities were common in this cohort of adults with suspected meningitis in KwaZulu-Natal, and were associated with increased odds of mortality in hospitalised participants.
Introduction
Meningitis is the most common central nervous system infection in adults and is associated with significant morbidity. [1] [2] [3] [4] In sub-Saharan Africa, the human immunodeficiency virus (HIV) pandemic increased the risk of meningitis in seropositive adults, with Cryptococcus neoformans and Mycobacterium tuberculosis emerging as prominent pathogens. [5] [6] [7] [8] Symptoms of meningitis include headache, fever, altered mental status and neck stiffness, but are non-specific. 9 Clinicians working in high HIV prevalence settings need to maintain a high level of suspicion for meningitis, and investigate when the presenting symptoms suggest the diagnosis.
The diagnosis of meningitis is dependent on laboratory analysis of cerebrospinal fluid (CSF), obtained during lumbar puncture (LP). This invasive procedure carries a small risk of adverse outcomes such as post-lumbar puncture headache, iatrogenic infection and bleeding. [10] [11] [12] Clinicians therefore need to weigh the risk of adverse outcomes following LP against the possibility of diagnosing a potentially fatal case of meningitis. The South African province of KwaZulu-Natal has the highest HIV prevalence in South Africa, with 17.4% of adults estimated to be HIV seropositive; 13 however, the diagnostic outcomes after LP have not been well characterised in this setting. A descriptive retrospective chart review was therefore undertaken in patients undergoing LP in the medical admissions service at Edendale Hospital, a 900-bed public sector institution in the Umgungundlovu district of KwaZulu-Natal.
Methods
The names and medical record identifiers were collected for all patients older than 13 years and registered for CSF analysis at the National Health Laboratory at Edendale Hospital during the period 01 February 2013 to 31 December 2013. Medical records for these patients were requested from the medical registry; records that were not obtained were searched for again on two further occasions and then classified as irretrievable if not found. Medical information was extracted by one researcher (ON), captured into a standardised data form and transferred into an Epidata file (Version 3.1, Odense Denmark, EpiData Association, 2000-2008). Information included demographic details, clinical features that led to LP, the results of CSF analysis, initial treatment, and clinical outcomes in the subset of participants who were admitted after LP.
An abnormal CSF analysis was defined as one or more of the following: lymphocyte count ≥ 5 × 10 9 cells/l, neutrophil count ≥ 1 × 10 9 cells/l, protein > 0.45 g/l, and glucose < 2.2 mmol/l. Severe CSF abnormality were defined as lymphocyte count ≥ 20 × 10 9 cells/l, polymorph count ≥ 5 × 10 9 cells/l, protein > 1.0 g/l and glucose < 2.2 mmol/l. Participants with red blood cells in the CSF, but with all other parameters normal, were classified as having a traumatic tap. Results which could not be evaluated, defined as CSF analysis without a lymphocyte or neutrophil count, were excluded from further CSF analyses. 
Results
A total of 890 patients underwent LP during the study period and 394 medical records (44.2%) were obtained and analysed. The demographic and clinical data of these participants are shown in Table 1 . Headache, fever and confusional state were the most frequently reported symptoms. Almost 80% of participants undergoing LP were HIV seropositive, with men and women equally testing positive for HIV (odds ratio (OR) 1.0 [95% confidence interval (CI) 0.3; 3.5]). Nine participants who underwent LP (2.3%) had results which could not be evaluated and were excluded from further analyses. CSF results from 385 participants were evaluated. Two hundred and fifty-five participants (66.2%) were determined to have an abnormal CSF result. Seventy-eight participants (20.3%) had a normal CSF analysis, and a further 52 had a traumatic tap that was otherwise normal (13.5%). The study profile by CSF category is shown in Figure 1 .
Associations with abnormal CSF analysis
Associations between clinical and demographic parameters and abnormal CSF analysis are shown in Table 2 . Participants with neck stiffness, vomiting and photophobia had significantly increased odds for CSF abnormality. Headache, fever or rigors, altered mental state (confusion), anaemia, renal impairment and positive HIV serology were not associated with CSF abnormality.
Median age was similar in the two groups: 32.8 (IQR 26.7; 41.2) years in the group with abnormal CSF, and 31.7 (IQR 26.1; 38.6) years in the group with normal CSF (p-value = 0.1). One hundred and sixty-seven participants had a paired CD4 count and cryptococcal latex antigen test (CLAT): the median (IQR) CD4 count was 41 (20; 79) cells/μl in those with a positive CLAT result, and 189 (60; 368) cells/μl in those with a negative CLAT result (p < 0.0001).
Clinical and laboratory features of participants with an abnormal CSF analysis
The demographic, clinical and laboratory parameters of the 255 participants with abnormal CSF findings are shown in Table 3 . Almost 80% of this group were HIV seropositive, with headache, neck stiffness and altered mental state as the most prominent clinical characteristics. An abnormal number of inflammatory cells was found in 146 (57.2%) participants, with 120 (82.2%) having lymphocytic predominance, and 26 (17.8%) with neutrophil predominance. An abnormal biochemical value (either protein or glucose) was found in 47 (18.4%).
One hundred and fifty-two participants with abnormal CSF (59.6%) had at least one severe CSF abnormality. The frequency of severe CSF abnormalities is shown in Figure 2 . The majority of participants had only one severe abnormality, the most common of which were elevated protein (n = 96 [38%]), followed by lymphocytic predominance (n = 81 [32%]), reduced glucose level (n = 80 [32%]), and polymorph predominance (n = 50 [20%]).
Sixty-two participants (24.3%) had a positive CSF cryptococcal antigen test, with the odds of an altered mental state being lower in this group of patients (OR 0.4 [95% CI 0.2; 0.9], p = 0.02). In the 26 participants with neutrophil predominance, 17 (65%) had a neutrophil count of > 5 × 10 9 cells/l, with a median neutrophil count of 90 × 10 9 (IQR 23; 411) cells/l, protein of 2.2 g/l (IQR 0.7; 2,6) and glucose of 2.2 mmol/l (IQR 0.6; 3,3). Twenty-five (96%) were treated with ceftriaxone.
Culture results
Thirty-five (9.1%) culture results could not be traced. Of the remainder, 310 (80.5%) were culture negative, 35 grew C. neoformans (9.1%), three grew S. pneumoniae (0.8%), one was contaminated (0.3%), and one was reported with a laboratory error (0.3%). One culture-positive specimen with a missing cryptococcal antigen test result grew C. neoformans, and was classified as normal on initial biochemistry and microscopy tests. Fifty-six of the 62 participants with a positive cryptococcal antigen test had a paired culture result of which 32 showed C. neoformans (57.1%).
Associations with inpatient mortality
Three hundred and five participants were admitted and mortality data was available in 286 (93.8%). Sixty-eight participants died (23.8%). The 205 participants who were admitted with an abnormal CSF result were at increased risk of death (OR 3.8 [95% CI 1.7; 9.6]; p = 0.0004). The association of clinical and laboratory parameters with mortality are shown in Table 4 . Renal insufficiency, anaemia and age > 35 years were all associated with increased odds of death.
Discussion
The diagnostic yield from LP was substantial in this study, which evaluated adults presenting with symptoms compatible with meningitis, with two thirds (65%) of the participants having abnormal CSF findings and one third (38%) showing serious abnormality. The majority of participants in this cohort were HIV seropositive, and three quarters were in the age range 13 to 40 years. Neck stiffness, vomiting, photophobia and transaminitis were associated with positive CSF findings, but headache or altered mental state were not associated. Seventy-five percent of the participants were admitted and, of those who were admitted, 26% died. CSF abnormalities were associated with a more than two-fold increased risk of death, notably in older patients, those with CSF cell counts of > 20 cells/μl, and those with evidence of underlying disease (specifically anaemia and renal insufficiency). Funding -This study was conducted as part of an MMed dissertation (ON).
Classic symptoms of meningitis in this cohort (neck stiffness, photophobia and vomiting) were associated with an abnormal CSF analysis. However, headache did not reach statistical significance, and an altered mental state was not associated with CSF abnormality, suggesting that clinicians have a low threshold for lumbar puncture in adults with these symptoms.
Lymphocytic meningitis was four times more frequent than neutrophil predominance, with half of these participants treated for TBM. High lymphocyte count, high protein level and low glucose level were significantly higher in those diagnosed with TBM. Cryptococcal meningitis (diagnosed on antigen testing) and presumed tuberculous meningitis were equally common, with these diagnoses made in about half (49%) of the participants with CSF abnormality. The percentage of specimens testing cryptococcal antigen positive that subsequently grew C. neoformans was low; however, low CSF volume submitted for culture, low fungal burden, undocumented use of secondary fluconazole prophylaxis, and 48-h duration of CSF culture may explain this observation under operational conditions. 14 The incidence of culture-confirmed bacterial meningitis was also low, possibly due to high rates of empiric use of ceftriaxone in meningitis suspects at primary care clinics before referral to the internal medicine service. 15 Implementation of CSF bacterial antigen testing may improve the detection of pneumococcal meningitis after antibiotic initiation. 16 This study has several limitations inherent in the retrospective chart review methodology. Medical records from only 44% of patients undergoing LP were obtained from the medical registry. Clinical information contained in these records at the time of LP were not collected systematically, resulting in incomplete information and possible bias. Data were not obtained on participants undergoing a second LP after a specific time interval to evaluate for evolving meningitis, which may have led to under-recognition of conditions such as TBM. Finally, data on use of antiretroviral and secondary fluconazole prophylaxis for cryptococcal meningitis by the participants at the time of LP were not collected.
However, this study demonstrates that meningitis, due to tuberculosis and Cryptococcus, are common in this high HIVprevalent public sector institution in KwaZulu-Natal, and that an abnormal CSF analysis is associated with increased mortality in adults with suspected meningitis who were subsequently admitted. A low threshold for LP is appropriate in KwaZulu-Natal. Additional interventions are needed to reduce the high mortality rate in hospitalised patients with CSF abnormalities.
